Fungal infections are the main cause of emerging infectious diseases in forest trees. Over the past decades, the number of invasive fungal pathogens in Europe has increased exponentially. In this paper the fungal pathogens causing the most common diseases in pines like Dothistroma needle blight, brown spot needle blight, Lophodermium needle cast, Scots pine blister rust, Scleroderris canker, and Pitch canker were analyzed. These diseases cause defoliation, increase susceptibility of plants to other diseases and pests, and tree mortality can also occur. As a result, the forest industry is suffering severe economic losses. The fungi species causing infection in forest trees have been described as serious pathogens across the world including Europe, confirming a fast spread of their ranges. Knowledge of pathogens distribution, life cycle and disease symptoms are essential for the diagnostic and control of pathogenic fungi. Human-driven species expansion has increased in the last century due to the growth of international travel and trade, resulting in huge disturbance to ecosystems. Most of the plant diseases are strongly influenced by environmental conditions. Climate change has important consequences on plants, pathogens, and the interaction between them, resulting in changes on diseases epidemics. Fungal infections of plants are difficult to control because pathogens populations are variable in time, space, and genotypes. The potential damage in the future may be large, and that is why we have to be aware of the problems and discuss some possible approaches to reducing the threats.
INTRODUCTION
Fungal infections are the main cause of emerging infectious diseases in forest trees. Over the past four decades, the number of invasive fungal pathogens in Europe has increased exponentially (Desprez-Loustau et al., 2010; Santini et al., 2013) . The three main factors responsible for that are geographical, climatic and socio-economic factors (2013). The countries with similar invasive pathogen numbers and species also have a similar land area, the host population, degrees of latitude, the number of eco-regions, and above-ground biomass (Santini et al., 2013) . Today, about less than one-third of the land area of the earth is covered in forests (Sturrock et al., 2011). Forest ecosystems seem to be especially affected by climate change (Milad et al., 2011). The frequency, duration and severity of heat stress of climate change-related drought can basically alter forest composition, the structure and biogeography of forests in many regions (Allen et al., 2010) . Forest plants, particularly conifers, are vulnerable to climate change because the long life expectancy of trees does not allow for quick adaptation to changes in the environmental conditions (Lindner et al., 2010) .
The changes in climate will have associated consequences for biotic disturbances, such as the frequency and consequences of pest and disease outbreaks. Fungal pathogen, usually highly dependent on humidity and temperature, leading to changes in the environment may change the risk of disease (Garrett et al., 2016) . Most pathogens will be able to migrate to locations where climate is suitable for their survival and reproduction at a faster rate than tree species (Sturrock et al., 2011) . Therefore, it is important to keep track of the pathogen activity in neighbouring countries.
Native plant communities, woodlands, and landscapes across the world are suffering from pathogens introduced by human activities. Expansion of human-driven species increased in the last century due to the growth of international travel and trade, resulting in huge disturbance to ecosystems (Santini et al., 2013) . Many of the pathogens arrive on or with living plants (Brasier, 2008) .
In 2009, the causative agent of Dothistroma Needle Blight Dothistroma septosporum was found in western, southern, and central parts of Lithuania (Markovskaja et al., 2009 large. That is why we have to be aware of the problems and discuss some possible approaches to reducing the threats. Further monitoring of diseases caused by these fungal pathogens is necessary.
Dothistroma Needle Blight (DNB)
The Dothistroma Needle Blight (DNB) disease is caused by two fungal species, Dothistroma septosporum (Dorog.) Morelet and Dothistroma pini. This disease is one of the most dangerous foliar diseases of pines (Boro et al., 2016) . D. septosporum is widespread all over the world and is considered to be a globally-important forest pathogen (Chettri et al., 2013; Čahtarević, 2013; Drenkhan et al., 2013) .
The first symptoms of the DNB infection is yellow spots on the needles, and later a necrotic band appears (EPPO 2015) . Chlorosis begins in late summer or autumn and these characteristics remain until early spring. Usually the brown bands are encircled by a red-colour zone (Čahtarević, 2013) . The needle foundation remains green for a longer period of time, and the stud ends become unviable, necrosis can occur in the central part of the stud (Markovskaja and Treigienė, 2009 ). When conditions favour the disease (abundant moisture and favourable temperatures between +5 °C to +26 °C) infection severity increases (Ridout and Newcombe, 2015) . Severely infected needles gradually turn completely brown, die, and fall. In less severe attacks, needle cast may be delayed for one or two years (EPPO, 2015) . D. septosporum causes the needles death and, due to anticipatory defoliation, in more serious cases, influences tree death (Zhang et al., 2007) .
DNB disease is observed in more than 80 species and subspecies of coniferous trees, and most commonly in the pine (EPPO, 2015). The most sensitive species is the subspecies P. nigra ssp. austriaca of the black pine (Pinus nigra). Other species of coniferous trees -European larch (Larix decidua), Douglas fir (Pseudotsuga menziesii), spruce (Picea Abies), Picea omorika (Picea Omorika), Sitka spruce (Picea sitchensis), blue spruce or silver fir (Picea pungens), Schrenk's spruce (Schrenkiana Picea) -also are susceptible for the DNB infection (Čahtarević, 2013) .
D. septosporum can be fought with copper fungicides. It is possible to use non-chemical methods of treating the damaged branches: pruning and trimming. Another alternative to chemical methods is biological control of the plants, arising from concerns about the toxicity of pesticides to the human and the environment. Planting trees with a lower susceptibility to pathogens is also proposed (McDougal et al., 2011).
Brown spot needle blight
The causative agent of Brown spot needle blight is Lecanosticta acicola (Thiimen) Sydow (Sexual stage -Mycosphaerella dearnessii ME Barr) (Suto, Ougi, 1998 L. acicola fungus causes brown spots on the needles of pines of all kinds of needles. At first the resulting spots are straw-yellow, then they change to light brown, often with chestnut-brown walls. The wall of dark-brown spots occurs in autumn when the weather has cooled. Stains can also be strip-shaped, with brownish spots found on both amberyellow bands. The layers between the bands often remain green for longer periods of time (Phelps et al., 1978) .
Brown spots in needles reduce the overall annual growth in young pine. It will not only inhibit growth but also cause young pine mortality. The disease also brings economic losses for Christmas tree growers in plantations of Scots pine and other varieties of suitable pine species. Pines lose their appearance due to the drop in the needles and to the brown spots (Kais and Peterson, 1986 L. acicola is most often found on the mountain pine (Pinus mugo), shore pine (Pinus contorta), Aleppo pine (Pinus halepensis), butcher pine (Pinus muricata), marsh pine (Pinus palustris), seaside pine (Pinus pinaster), stone pine (Pinus pinea), radiation pine (Pinus radiata), Weymouth pine (Pinus strobus), Scots pine (Pinus sylvestris), and loblolly pine (Pinus taeda) (Čahtarević, 2013) . (Čahtarević, 2013) . In Estonia, Lophodermium needle cast is the most common disease occurring on young pine trees (Pinus sylvestris) (Hanso and Drenkhan, 2007) . In Balkan countries, this disease is very frequent on Scots pine (Pinus sylvestris), black pine (Pinus Niga), Aleppo pine (Pinus halepensis), mountain pine (Pinus mugo) and other pine species (Čahtarević, 2013) . Rocky pine (Pinus brutia), Japanese red pine (Pinus densiflorus), mountain pine (Pinus mugo), black pine (Pinus Niga), Aleppo pine (Pinus halepensis), stone pine (Pinus pinea), Montezuma pine (Pinus montezumae) species are more likely to suffer from this disease compared with other pine species (Lazarev et al., 2007) .
Lophodermium needle cast
First symptoms of infection on needles appear from mid-August until the end of September, sometimes up to mid-October. It can be detected on young needles or on fallen needles. The infectious period lasts until next year (Čahtarević, 2013) , and then symptoms appear. L. seditiosum intensively develops in AprilJune, and from May to the end of July begins a large needle drop. When the disease affects the needles, they turn brown, dry off, and fall too early. These plants become weak, their growth and overall viability are reduced. Young seedlings often die (Dabkevičius et al., 2006) . The most favourable weather conditions for the development of the disease: warm and rainy weather in summer and autumn, and mild winter (Dabkevičius et al., 2006) .
Infected plants should be sprayed with fungicides three times, starting in late July, midAugust and mid-September. Strongly infected seedlings can be sprayed again in late September or early October, especially if this period is dominated by wet weather. When the seedlings are easily infected in late July, injection is unnecessary, particularly if a dry air (Rajkovic et al., 2013).
Scots pine blister rust
The causative agent of Scots pine blister rust ((Alb. & Schw.) Wint.) Cronartium flaccidum is causing significant damage to pines in Europe and Asia. In Southern Europe it was found on a seaside pine (Pinus pinaster), mountain pine (Pinus mugo), Aleppo pine (Pinus halepensis), stone pine (Pinus pinea), Siberian dwarf pine (Pinus pumila), black pine (Pinus nigra) and other (Kaitera and Nuorteva, 2008) . Scots pine blister rust is the most common on Scots pine (Pinus sylvestris), black pine (Pinus nigra), Aleppo pine (Pinus halepensis), mountain pine (Pinus mugo), seaside pine (Pinus pinaster), and stone pine (Pinus pinea) (Čahtarević, 2013) .
C. flaccidum is a macrocyclic, heteroecious rust fungus with five spore stages and host-alternation. With the development of the rust fungus, the colour of the needles changes -infected needles become reddish (Čahtarević, 2013) . The disease symptoms can be recognized as lesions with orange blisters (aecia) on pine stems and branches in early summer. The lesion spreads around and along the stem, eventually killing the part of the tree above the lesion by blocking the metabolism and causing a breach of necrosis (Samils et al., 2011) . Treatments include cutting of infected trees in order to destroy fungal inoculum on pines where the fungus can be alive for several years (Čahtarević, 2013) .
This agent often appears on the black pine (Pinus nigra), Scots pine (Pinus sylvestris), mountain pine (Pinus mugo) trees.
Scleroderris canker
The Scleroderris canker disease is caused by the fungal pathogen Gremmeniella abietina (Lagerberg) Morelet. These pathogenic fungi are found in Central and Northern Europe, North America and Japan. G. abietina damages the coniferous forests and causes the death of trees (Romeralo et al., 2015) . The fungus often appears on the black pine (Pinus nigra), Scots pine (Pinus sylvestris), mountain pine (Pinus mugo) trees.
Wet and tropical summer heat creates favourable conditions for the development of Scleroderris canker (Sikström et al., 2011) . At first, the disease manifests itself as necroses forming under the bark, therefore difficult to notice. Later (most often in early spring just after snowmelt) needle tips become yellowish and then the needles turn red-brownish. The infection expands to vulnerable twigs and branches, which ultimately dry completely (Sikström et al., 2011) .
The primary infection is caused by conidia, which are transported by wind and rain droplets. The infectious period begins in May and lasts until the end of November, however, a critical period of the infection is considered to be in May-June. The incubation period lasts for nine months, so if the infection occurs in the current year in June, the first visible signs appear next year in March (Čahtarević, 2013) .
Studies have shown that copper fungicides (such as copper oxychloride) give the best protection from this pathogen and the best results. The treatment is sufficient twice a year, during the critical period of infection. However, such protection is feasible and economically justified only in nurseries and young plantations (Čahtarević, 2013) .
Pitch canker
Pitch canker, caused by Fusarium circinatum (teleomorph Gibberella circinata), is a destructive disease of Pinus species (Iturritxa et al., 2011) . Pitch canker is characterized by the development of large resinous cankers at the sites of infection in natural stands and plantations of the susceptible pine tree species (Fitza et al., 2013) . It is one of the most important diseases of pine trees worldwide (Pfenning et al., 2014) . F. circinatum was first recorded in North Carolina (USA) in the 1940s. The disease has also been reported in Haiti, South Africa, Japan, Korea, Mexico, Chile, Uruguay, and in Europe: Spain, France, Italy, and Portugal. Further spread of this pathogen poses a significant threat to many countries were susceptible species occur naturally or are grown extensively in plantations (Berbegal et al., 2013 A typical symptom of F. circinatum in mature trees is dead branch tips (Gordon et al., 2015) . The first symptoms of the disease are wilting and discolouration of needles, followed by dieback due to the development of the resinous cankers at the sites of infection (Steenkamp et al., 2012). Wilting of needles distal to the infection site can be recognized by an accumulation of resin on the branch surface. Wilted needles lose their green colour and eventually become chlorotic, before turning red and, finally, brown. The progression of the symptoms varies with the season and age of the infected branch (Gordon et al., 2015) . The pathogen can infect vegetative and reproductive structures of susceptible hosts of all ages (Steenkamp et al., 2012 ), but appears to grow more rapidly in succulent, current year growth than in older (Gordon et al., 2015). The fungus can affect roots, shoots, stems, flowers, cones, seed and seedlings (Steenkamp et al., 2012) . It has a negative impact on the growth, violates the plant, causes the cuticle erosion, and cracks in the cell wall. Thus it allows the spread of F. circinatum (Donoso et al., 2015), causing the death of seedlings (Fitza et al., 2013) . So far, the pathogen has shown no evidence of susceptibility to and biological control measures (Donoso et al., 2015) .
CONCLUSIONS
Fungal pathogens discussed in the paper are the main cause of emerging infectious diseases in pine trees. This problem is relevant for state supervising forests institutions, which are interested in preserving the less damaged forest stands and raise healthy forest seedlings, as well as for private business owners the marketable appearance of whose trees is affected by the diseases. The main reasons of the pathogens spread are climate change and human activities, e. g., global trade and introduction of new species. Monitoring is the key to any successful control of plant diseases.
Parasitic fungal pathogens attack all species of pine which grow in Lithuania but the most susceptible are P. nigra, P. sylvestris, and P. mugo.
Lecanosticta acicola is an emerging fungal pathogen in Lithuania. Coinfection of L. acicola and Dothistroma septosporum has potential risk for pine trees, resulting in changes on diseases epidemics. Although in Lithuania F. circinatum has not been found, there is a potential threat due to the country's climate and cultivated pine species.
There exist various methods of fighting the infection-causing fungi: biological, mechanical, and chemical use of preventive-prophylactic protection. That is why continuous monitoring should be carried out. It should identify the pathogens and take the most effective way to stop the spread of the disease-causing agents, and thus reduce the losses resulting from the appearance of alien pathogens.
In the initial stages of the disease by identifying the morphology of fungal disease are complex, so for attaining facilitate early diagnosis and improve the spread of disease control measures are widely used molecular methods for pathogen identification
